(DHP) and [3H]diazepam binding proteins were solubilized from rat brain membranes with 1% Lubrol-Px.
The y-aminobutyric acid (GABA) receptor system appears to be composed of multiple components, including GABA recognition sites (Enna and Snyder, 1975; Olsen et al., 1979) , benzodiazepine sites (Squires and Braestrup, 1977; Mohler and Okada, 1977) , and picrotoxinin (a-dihydropicrotoxinin) sites (Ticku et al., 1978; Olsen et al., 1979) . A variety of centrally acting drugs have been reported to affect GABAergic transmission (Nicoll, 1975; Barker and Ransom, 1978; Bowery and Dray, 1976; Scholfield, 1980; Talhnan et al., 1980) . To understand better the interaction of these drugs at the molecular level requires solubilization and purification of components of the benzodiazepine . GABA receptor. ionophore complex and subsequent reconstitution.
Recently, GABA (Greenlee and Olsen, 1978) , benzodiazepine (Yousufi et al., 1979; Lang et al., 1979; Gavish et al., 1979; Gavish and Snyder, 1981) , and picrotoxinin Ticku, 1980, 1981a) binding sites have been solubilized.
We have reported previously that a variety of depressant and convulsant drugs which affect GABAergic transmission inhibit the binding of a biologically active analogue of picrotoxinin, a-[3H]dihydropicrotoxinin (DHP) to rat brain membranes (Ticku et al., 1978; Olsen, 1978 Olsen, , 1979 Olsen et al., 1979 ). However, a major problem in [3H]DHP binding to membranes has been an unfavorable signal-to-noise ratio (Ticku et al., 1978; Ticku and Olsen, 1978) . This ratio usually represents 1 part bound to 9 to 10 parts background.
Recently, we improved this signal-to-noise ratio significantly by solubilizing the DHP binding sites with Lubrol-Px Ticku, 1980, 1981a) . In this paper, we report that we have purified the DHP binding receptors with a much improved signa&to-noise ratio. and their brains were removed. The mitochondrial plus microsomal (Pz + P3) fraction was prepared as described (Ticku et al., 1978) . The Pp + Ps pellet was resuspended in buffer (0.2 M NaCl, 10 mM sodium phosphate, pH 7.0, at 4"C) and solubilized with 1% Lubrol-Px for 30 min as described (Davis and Ticku, 1981a) . The suspension was centrifuged at 100,000 X g for 45 min. The clear supernatant was removed, placed in dialysis tubing (exclusion limit, 12,000) and dialyzed against 250 ml of buffer for 4 hr at 0 to 4°C. This fraction is referred to as the crude Lubrol fraction. This fraction was used for binding studies as such or subjected to gel filtration as described below.
Gel filtration. Sephadex G-200 (fine) was allowed to swell in buffer containing 0.2 M NaCl, 10 n-nu sodium phosphate, pH 7.0, at 4°C. The hydrated gel and buffer were deaerated routinely under vacuum prior to use. The gel was poured into jacketed columns (1.5 X 84 or 2.5 x 40 cm). Crude Lubrol fraction (3 to 4 ml) was layered on the equilibrated column and eluted with the above buffer. Elute fractions (1 ml) were collected and ultraviolet absorption of the column elute was monitored at 280 nm with a recording spectrophotometer.
Constant flow rates (25 ml/l-n-) were maintained by a pump system. The elution volumes ( VE) were corrected for the volume of tubing from the column tip to the collecting tube. Blue dextran (2000, Pharmacia) , which was excluded completely from the gel interior, was used to determine the void volume ( VO). Tritiated water, which occupies both interior and exterior phases, was used to determine the total volume (VT). For Stoke's radius and molecular weight determinations, Sephadex G-200 was calibrated with standard bovine serum albumin, aldolase, catalase, and ferritin. Column calibration was carried out routinely and the elution volumes of any standard protein usually agreed within +2.0 ml.
Binding studies. The binding of r3H]DHP (Davis and Ticku, 1980,198la) and [3H] diazepam (Davis and Ticku, 1981b) to the soluble receptors was measured by a centrifugation assay as described. This is a modification of the methods of Cuatrecasas (1972) and Leberman (1966 (30 min) with or without other drugs in a total incubation volume of 1 ml. Following incubation, 0.5 ml of 1% (w/v) bovine y-globulin and 0.5 ml of 24% polyethylene glycol (PEG, 6000) were added to the vials. The vials were centrifuged at 48,000 x g for 10 min. The pellet was washed rapidly with 5 ml of cold buffer, solubilized overnight with 0.3 ml of Soluene (Packard), and counted in 3 ml of scintillation fluid containing 5 gm of 2, (Ticku et al., 1978) and ["Hldiazepam (Ticku, 1981) Ticku, 1980, 1981a) and C3H]diazepam (Davis and Ticku, 1981b) with binding constants and ligand specificity similar to that reported for membrane receptors.
Gel filtration of crude Lubrol fraction. When crude Lubrol-solubilized extract was chromatographed on Sephadex G-200, a major protein peak representing 60 to 70% of the applied protein appeared in the void volume (data not shown). After the void volume, 25 to 27% of the applied protein was eluted as two major protein peaks. Initial binding studies indicated that r3H]DHP binding was associated with the high molecular weight peak (peak I) and that [3H]diazepam binding was associated with the low molecular weight peak (peak II). The two peaks (without the void volume) were pooled and rechromatographed separately on Sephadex G-200. Following the second gel filtration, the two peaks were clearly separated (Fig. 1) . In each case, the recovery of protein averaged greater than 90%. The elution profile shown in Figure 1 is the one obtained after the second gel filtration.
The specific binding of [3H]DHP was associated with peak I, and E3H]diazepam binding was associated with peak II. (Table Ib) , co-migrated with peak I (data not shown). Molecular properties of peak I and peak II proteins. The molecular weights of peak I and peak II proteins were obtained by gel filtration (Fig. 2) . Table III lists the molecular properties of peak I and II proteins. The molecular weights of peaks I and II, as obtained by gel filtration, were 185,000 + 6,000 and 61,000 & 5,000 (n = 3), respectively. Comparison of these peaks with reference proteins (Fig. 2) indicates a Stoke's radius of 60.0 & 1.7 A for peak I and 20.8 f 3.0 A for peak II (n = 3). The Stoke's radius values for the two proteins were highly reproducible. The sedimentation coefficients (sZO,J of these two peaks indicated values of 8.32 + 3.0 for peak I and 8.23 + 1.0 for peak II (n = 3).
Binding constants of r3H]DHP binding to 185,000-dalton fraction. A typical Scatchard plot of r3H]DHP binding to the 185,000-dalton fraction is shown in Figure  3 . The Scatchard plots were curvilinear, suggesting heterogeneity of the DHP binding sites. However, curved Scatchard plots also could imply negative cooperativity or a two-step binding reaction. et al. (1979 ), Ticku et al. (1978 ), and Ticku and Olsen (1978 observed with membrane preparations (Ticku et al., 1978; Ticku and Olsen, 1978) . As indicated in Table II these values may be overestimated due to the residual detergent associated with these proteins. Under our experimental conditions of protein concentration and ionic composition, the association-dissociation phenomenon and the possibility of the proteins reacting to the column support were minimized. Therefore, the molecular weight of the fractions determined by gel filtration are relatively accurate. Other investigators have reported molecular weights of -200,000 daltons (Yousufi et al., 1979) and 50,000 to 60,000 (Mohler et al., 1980; Sieghart and Karobath, 1980) and 55,000 to 62,000 (Gavish and Snyder, 1981) daltons for the benzodiazepine receptor.
GABA agonists have been reported to enhance [3H]-diazepam binding to membranes (Tallman et al., 1980) and to solubilized fractions (Gavish and Snyder, 1980) . In the present study, we find that, while GABA agonists, such as muscimol, enhance [3H]diazepam binding to membranes and the crude Lubrol-solubilized fraction, no enhancement was observed in peak II following gel filtration of the Lubrol-solubilized fraction. Our results also show that, while specific [3H]muscimol binding was present in the crude Lubrol fraction, it was not associated with the peak II fraction (i.e., diazepam binding fraction). However,
[3H]muscimol binding activity co-migrated with peak I (i.e., the DHP binding fraction). Muscimol binding appeared to have the right properties, since it was displaced by GABA and (+)-bicuculhne but not by ,&aIanine and nipecotic acid. Recently, several laboratories have attempted to establish if GABA and benzodiazepine binding proteins are the same or distinct (Gavish and Snyder, 1981; Massotti et al., 1981) . 1041 DHP binding to the peak I protein exhibited two binding sites, in contrast to only one site observed for the membrane receptors (Ticku et al., 1978; Olsen et al., 1979) . However, we recently reported that [3H]DHP bound to the crude Lubrol-solubilized fraction with two affinity constants Ticku, 1980, 1981a) . The 185,000-dalton fraction had a Koi value of 0.054 + 0.009 FM and the low affinity site had a KD2 of 0.546 f 0.065 PM. The low affinity site had a KLI much tighter than the Lubrol-solubilized fraction (Km -1.85 pM; Ticku, 1980, 1981a) or the membrane receptors (K.EJ -1 to 2 pM; Ticku et al., 1978) . The reason for the heterogeneity of the DHP binding sites is not clear. We have reported earlier that some ligands displace DHP binding from membranes with shallow displacement curves (Ticku and Olsen, 1978) , suggesting heterogeneity of the DHP binding sites. The possibility that uncoupling of the effector complexes may have occurred cannot be ruled out.
We have reported previously that the picrotoxinin site at the benzodiazepine . GABA receptor. ionophore complex is a site of action for some depressant and convulsant drugs that affect GABAergic transmission (Ticku and Olsen, 1978 , 1979 Olsen et al., 1979; Ticku, 1980) . In the present study, we find that depressant and convulsant drugs inhibit the binding of [3H]DHP to the 185,000-dalton fraction (Table VI) . The ligand specificity of ["HIDHP binding to 185,000-dalton fraction is not altered significantly relative to membrane receptors.
Like GABA agonists, depressant barbiturates, such as pentobarbital, enhance ["Hldiazepam binding by increasing its affinity for receptors to membranes (Leeb-Lundberg et al., 1980; Ticku, 1981) and to crude Lubrol fraction (Davis and Ticku, 1981b; this study) . This enhancement was blocked by picrotoxinin. The inability of pentobarbital to enhance ["Hldiazepam binding to the 61,000-dalton fraction and its ability to inhibit [3H]DHP binding to the 185,000-dalton fraction strongly suggests that pentobarbital acts at the picrotoxinin site. The IC50 value for pentobarbital inhibition of DHP binding was similar to that reported for membranes (Ticku and Olsen, 1978) .
These results are consistent with our hypothesis that the picrotoxinin site may be a receptor for barbiturates (Ticku, 1980) . The ability of barbiturates with opposite pharmacological activities (i.e., depressant and convulsant) to inhibit DHP binding to membranes, the crude Lubrol fraction, and the 185,000-dalton fraction suggests that the picrotoxinin site may be an allosteric site at the benzodiazepine. GABA receptor. ionophore complex. However, further experimental evidence will be needed to clarify this and to establish the physiological significance of this site to GABAergic transmission.
